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This report is the second in a three-volume series that
summarizes the findings of a study to determine the potential
cumulative effects of proposed small hydro development on the
fisheries of the Swan River drainage. The first volume (Leathe and
Enk 1985) is a summary report that presents the major findings and
describes the methods used to collect the information gathered
during the two and one-half year study. The third volume (Leathe
et al. 1985) contains maps and biophysical inventory data gathered
on tributary streams in the drainage. Survey sites mentioned in
this report can be accurately located using stream maps found in
Volume III.

For the most part, this report contains technical information
and is a support document for the main report (Leathe and
Enk 1985). Consequently, discussion of results was minimized.
The sections o n  fish population monitoring, streambed monitoring,
habitat survey comparisons, and water temperature in this document
are the only portions that were not discussed in the main report.

1



A series of fishpopulationmonitoring sections were estab-
lished and electrofished  during the summer of 1984 in each of the
four streams considered "most 1ikely"tohave smallhydro develop-
mentoccur. Shocking sections were established above within, and
below proposed hydro project areas on each stream (Piper, Cold,
Cedar, and Squeezer creeks). Gas-poweredbackpack electrofishing
gear was used to obtain mark-recapture estimates for each section.
Electrofishing sections were 304 m (1,000 feet) long and were
blocked on the lower end with quarter-inch mesh nylon netting.
Electrofishing and population estimation techniques were more fully
described by Leathe and Enk (1985).

Specific locations of electrofishing sections in relation  to
proposed small hydro facilities are presented in Table 1 and may be
referenced to stream inventory maps in Leathe et al. (1985).
Resulting population estimates with 95% confidence intervals are
listed in Table 2. Length frequency diagrams for fish captured
during these surveys may be found elsewhere in this report
(Figures 2 through 11).

Gravel samples were collected from the lower ends of bull
trout spawning areas during October  and November of1984 in three
creeks (Goat, Squeezer, and Lion) with proposed small hydro
projects. Three transects were established in each stream and four
gravel samples were collected from each transect. Samples were
collected using a hollow core sampler and collection andanalysis
techniques described by Shepard et al. (in press). Sampling
locations (stream kilometers from mouth) may be located on stream
inventory maps in Leathe et al. (1985), and detailed site de-
scription information may be found in MDFWP files. Results of
streambed sampling appear in Table 3 a n d Figure 1.
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Table 1. Locations (stream kilometers - from mouth) of proposed
mall hydro facilities and fish population monitoring
sections established infourtributaries to the Swan
River during 1984.

- frm
Lower Middle Upper

Proposed Proposed shocking shocking shocking
creek powerhouse diversion section section section

Piper 1.8 8.2 1.5 5.4 8.8

Cold 8.5 13.4 8.4 10.8 14.0

Cedar 9.6 13.1 9.0 10.5 13.4

Squeezer 6.1 8.2 2.5 & 5.5 7.0 8.3

-w-s- - --- --

3



Table 2. Mark-recapture population estimates (number of fish 75 mm and
longer per 3OOm) fourtrihtarh6to&eSmRiver  &ring the
summer of 1984. Ninetpfivepercentcanfi&nceintervalsare  in
parenthesis.

Creek
Locatial
mrem kml

No. of fish 175 w per

Dates of -iiizF%z
SWeY trout trout trout

Piper (lag)

Piper (middle)

1.5

5.4

Aug. l-7

July 27-
krg. 13

Aug.14-21

Aug.29-
Sept. 6

Aug. 23-28

hag. 22-27

Sept. 11-19

!zept. lO-17

Sept. 12-18

Sept. n-
Oct. 10

8ept. 24-
Oct. 9

61&39%) 66&51%) 56(&39%)

389&l6%)

2lO~5%)

O-

43 k35%)

O-Piper bpeer)

cold (lam)

8.8

8.4
10&30%) 92(+33%) 250 w%)

<lO - 168m O-

O- 49&31%) 0 -

lzsWs%) O- 436&8%)

233&u%) O- O-

298(&l4%) O- O-

Cold bidclle) 10.8

Oold &per) 14.0

Cedar (lower) 9.0

&x3x (middle) 10.5

Cedar (wef) 13.4

Squeezer (lcwerl 2.5
<lO - 14oQm%, 100&m)

Squeezer (lower) 5.5
<lO - l27&30%) <lO -

ssueQer (miacUe1 7.0 w?& ‘y-
. 0 - 44&l(W) 0

sgueQer (upper) 8.3 Sept.27 - No Fish -

4



Table3. Streambed gravel composition in bull trout spawning areas of three tributaries to
the Man River during October and Novenber,  1984.

Creek

Percent cuqositian
K&cation Transect ln?)
(stream km) No. <0.063 0.063-2.0 2.0-6.35 6.35-16.0 16-50 50-75 >75

Goat 4.5 1
2
3

canbined

Lion

Squeezer 2.5

5.5
;
3

canbined

1
2

cm&d

9::
Pi.
2.1

i
.

;:L!
E.

10.5
9.1

%z.

12.1
18.2

it5.
23.8 20.5
17.9 20.6

Et. it+.

15.3
14.4

it+.

14.9
17.4

E.

17.1
17.4

it2.
14.7
19.0

et.

23.8 27.4 1.5 0.0
24.0 31.3 2.6 0.0

ii+.

25.0 16.9 9.7
33.4 18.0 5.3

32.9 4.5 18.8
29.9 3.6 9.0

iE+iiE. . .



35-

30-

25-

20-

15-

lo-

5- I1

Goat Creek
km 4.5

Squeezer Creek35-35-
km2.5km2.5

z 30.30.
2
r 25-25-

0" 20-20.

Es 15-15-

s 10-10-
0

55
11

ion Creek
km 5.5

Particle size category (mm)

Figure 1. Stmambedaxposition  inbulltroutspWning
areasinthreetributariestothe%anRiver
during fall, 1984.
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The precisiotl of cur habitat survey techniques was evaluated
during September of 1982 and July of 1983. During the 1982
comparisons, two crews walked 2 km secticns  of Cold and Lion Creeks
and made measurements or estimates at 40 random stops and along
transects established at 15 of these stops. The results of the
1982 comparisons were discussed by Leathe  and Graham (1983) and are
summarized in Table 4. Cold and Lion creeks were relatively large
(35 and 56 sq. km) medium gradient streams (5.0 and 5.7% gradient)
having flows of 38 and 14 cfs at the time of survey.

Rabitat  survey comparisons during 1983 involved comparative
measurements by three crews an three different tributary reaches.
Ehbitat  measurements during the 1983 comparisons were made by all
crews at fixed points within each reach to eliminate variatiar  &e
to sample site locations. Sampling sites were randomly selected by
each crew in each reach during 1982, hence, it was unlikely that
those measurements (especially line transects) were made at the
same locations by ea& crew.

The 1983 comparisons were made on three reaches of two
streams. Reach 1 of Soup Creek was low gradient (2.1%), had a
drainage area of 38 square kilometers and a flow of 24 cfs. Reach
2 of Soup Creek was high gradient (11.6%), with a much smaller
drainage area (14 square kilometers) and a flow of about 20 cfs.
Reach 2 of Piper Creek had a moderate gradient and drainage area
(6.2% and 23 square kilometers) and a flow of 59 cfs. Eabitat
measurements by each crew were tabulated and average measurement
errors for each habitat parameter in each reach were calculated
using the method of Beamish  and Fournier (1981). Results are
presented in Table 5.
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Table 4 . Comparison of physical habitat measurements made by two survey crews on two tributaries  to
the Swan River during  early September, 1982.

Parameters
Lion Creek Cold Creek

Crew 1 Crew 2 Mean error Crew 1 Crew 2 Mean error

Channel Measurements
Wetted width (ml
Channel width (m)
Mean depth (cm)
Maximun  depth (cm)
Channel spllttlng  (L!)
Channel stability ratlng

Substrate Measurements
Fines (XI
Gravel (X
Cobble (X
Boulder-bedrock (X)
D-98 (cm)

Habltat  Measurements
Feature:
Pool (X)
Rlffle-run (X)
Pocketwater-cascade(%)

Cover:
Instream  cover (XI

I
logs 6 debris)
boulders)

Overhead cover:
wlthln  1 meter(%)
undercut bank
Total overhead

Debris (X)
Stable debris  (X)

1:::
1:x
5:

ii
34

15::
1;:
23
94

:43
23:
83

ii:
20

22

Iis
60
83

61;

1:
192

1OOF
51:;

36%
11%

x::
4%

100’:
57%
52%

47%

[gq#J

13%
7%

5

ii
44
81

:: ii
64 23

62 43

I
58)
42) I

33)
67)

48
33

ii:
73

42

f:
75
90

6%
3%

10%

1z
34%

K
3s;
32%
5%

40%
82%
94%

(ii:)
(46%)

13%
36%
10%
10%
21%



Table 5. Average percent measurement errors for
physical habitat parameters measured by three
survey crews in each of three stream reaches
in the Swan River drainage during July 1983.

Parameters
SGlp  Creek Saq Creek Piper Creek
ReiKhl lbmch2 Reach2

Wetted  width (m)
Channel  width (IO)
f4eal-l aepth (cm)
HaxilNm  depth (an)
Uumwl splitting (%)
Chan~lstability  score

9YEp-
Gravel (t)
Cobble 1%)
Bmlder-bedrock (%I
0-m (ad
*an subetrate  score
&an e score
nCan caqactim score

Feature:
pool ml
Riffle c Rm (t)
Focketwatec  L cascade (t)

Cover:
lbtal irrstream  (8)

Uogs L debris - t)
boulder - t)
(turbulence - t)

Total  wechead  (a)
(within 1 meter - a)
bmdercut bank - a)

Debris  (t)
Stable debris (a)

M. of class I, II L III
pools per h

Pool classificatim:
class I (\I
clas.s II (t)
class  III (a)

Pool substrate:
Fines (a)
Gravel (a)
Cobble (\I
Mulder-bedcock (t)

Wan substrate score
C(eanabedhhsmre
- pooldeph (an)
Ibx. paal  depth km)

17

3;

s

f
3

100
7
0

10
10
0
0
9

16
17

1:

26

15
9

67
0
6

:7'
s

1:
8

21
14

93
21
20

:‘o

:
4

22
41
14

0

33
41
9

21
7
18
8

40

34
20
20

111
12
30
41
12
22
5

14

0

1;

10

172
120

8

:fi

2:

18

::
107

28
15

5:
10
13
9
9

9



Tables 6 through 24 contain detailed Swan drainage creel
-us inforlaatian to supplement&&presented  by Leathe and bk
(1985). Summaries of creel interview informationgatheredcnother
waters inconjunctionwiththe eccnomicevaluaticnareinWAes25
through  28. These waters were Ashley Lake, Lake Koccanusa,  Hungry
Horse Reservoir, Flathead Lake, Thompson River, Kootenai River,
Flathead River, and the Bighorn River. Length information on
creeled fish in each of these waters may be fcund in T&ble 29 while
length frequency data for creeled  fish from various parts of the
Swan drainage as well as most of the other waters surveyed are
presented inFigures thrcugh25.

10



Tkhle 6. Monthly fishing pressure summy (angler-hours) for Swan Lake
during the period May 21, 1983 through May 18, 1984. Ninety-
five percent confidence intervals are in parenthesis. Ice
fishing was classified as “shore” pressure during the iced-in
period (mid-Dece&er through March).

MOtkh --=--‘IbtelShore Boat Total Shore Boat Total Shore Boat

June 2:; 110 183 249 1499 1748 307 1605
July 587 797 237 5558 5794 434 6143
August 76 408 484 89 4571 4660 163 4904
September 38 158 195 19 1500 1519 57 1664
October ii 20 20 40 554 593 40 572
Noveer 0 8 164 172 8 175
Decenber 0 0 0” 184 0 184 184 0

January 29 0 29 1187 0 1187 1202February 0 0 0 825 0 825 825 ii

March 0 0 208 303 0 303 303April 28
7:

113 879 992 113 100:
May(83/84) 0 79 26 1917 1943 26 2002

1913 (&604)
6578&l566)
5066(&l272)
1721(*97)
612(&!77)
183(&l61)
184(&299)

1202 (&296)
825(&229)
303(&l40)

1120(~562)
2028(&932)

nYrAL 456 1360 1816 3280 16642 19922 3662 18071 21734
(2575) &2411) (&584)&2474)  W540)



Table 7. Estimated monthly harvest of the principal gamefish
species in Swan Lake during 1983 and1984. Ninety-five
percentconfidenceintervalsinparenthesis.

HadI

m-e&
Rdcanee  Northern Ebll Rainbow Cutthroat

Pike trout trout trout

June
JOY
pllsust
september
cmober
Nr

January
-w
Harch
Apti
my (1983 c 1984)

1165 99 66 66
4428 109 164 41
6925 471 49 16
1455 170 16 40

90 73 28 107
0 0 100
7 0 13 ii

36
36
0

28"s

0 0
0 5”1 0

4: ii 0 4
267 110 10

58
68
16
32
6

8

0

8

5:

14430
k3392) &iii) ($1 ($,

12



Table 8. Monthly summary of bait types used by fishing parties interviewed
on Swan Lake during the period May 21, 1983 through May 18, 1984.

Bait typ
1983 1904

thy Juno July Aug. 6.~. Oct. Nov. kc. Jan. hb. narcb A p r i l  'IDTAL

wit 3 (68)  14(26n)  M(13W  101109) 2 (38) 2(lm S(1001)  10038)  22(390 7(50%) 3 (8U 112(19W
ni.0
Luta 24(M))  27(SOt)  SS(SlW  63(61t) 4S(6SU ll(7h) 3(1001) 9(1Ot) 4 (78) 24(620 265(4Sb)
-99ing
cbnblMtion lO(27t)  13(24t)  39(3681  2;(:",;) 2 2 0 2 0 2(m) Sl(S78, 30(W) 7(m) ll(269)
No hcolmtiar 1 (20

21w:;;

mmL 37 54 108 103 69 1s 3 S 90 S6 14 39 s93



Table 9. Monthly summary of origin of fishing parties interviewed on
Swan Lake during the period May 21, 1983 through May 18, 1984.

1983 1984
Farty Otipln  May Jllru July &q. &@. OCL.  t+PJ. -. Jan. Fab. Harch Aprll  mu

klirprll 8(118) 3 (68) 13(128)  l2(118) 9(138) 2(138) l(200 5 (58) 3 (5%) 1 (78) lS(368) 72(128)
ah8K  Plailaad

mtv 7(198) lO(168) 8 (78) 4 (48) 4 (68) 4(278) 3(608) 24(278)  6(148) 1 (78) S(138) 76(138)

ii$sxlnty ((168)
B(228)  '~'200,' 1:';;;; 2:w;,'  26"';:;; 3(208) l(208) SS(618)  37(668) 12(668) 14(368)

4(278) 3(1008) 4 (5%) 7(1#) S(138) '::':%
Othrt WNtrcnE8iEsmtMul 2 (5%) 4 (78) 19(188)  1 (1%) 19(168)  3 (38) lOU48)  2 (38) 54 6 '9%) (18)

tan-rwidrntwsA) 1 (38) 21(398) 22(208) 16(178)
:';:;

2 (28) 1 (28) 73(128)
RwrIgn S(138) 3 (68) 17(168) 16(168) 2(138) 47 ml

TmAL 37 54 106 103 69 1s 3 5 90 S6 14 39 593



Table 10. Monthly summary of target species sought by fishing parties
interviewed on Swan Lake during the period May 21, 1983
through May 18, 1984.

19111
'bcpt s(mcia thy Juw July b&q. mpt. Oct. NW. -c.

Bfnbu trait 1 (3%) 1 (18) 1 (2%) 2(138) 1 (2%)
QtUwarttrart
hll trout 3 (6%) r I::;

:(:::I
4 (48) 1 (1%) 1 (2%) S(331) 3(1008) SUOON) 63(928) 49(87tl 14(1008) ll(280 160(308)

mLub88 S(l48) 17(318) 46(4281 49(488) 3:';;;; ((278) 2 (28) 1 (2%) lS6(261)
Rout-mm1 2 (St) 6(118) 6 (6%) 2 (2%) 1 (1%) 19 (3%)~. .
TroJt  i
lbkAM8 1 (3%) 1 (2%)

Rart 4 plko 3 (6%) 2 (4%) f I::;
1 UN)
4 (48) S (7%)

N. Pik. 19(Slt) l2(228) 12(118) 17(168~ 16(238) 3(2Ot)
Any cm 2 (St) 14(268) 3300%) Y'U;; U(178) 1 (7%)
ND lnfccmtlm  1 (3%)

7 (1%)
3 08) 1 (38) 21 (4U

100(17\)
4 'SW 2 (481 ':I:::;

7':::;

mu 37 s4 108 103 69 1s 3 S 90 s6 14 39 s93



Table 11. Monthly bull trout (DV) catch and harvest rate for
parties on Swan Lake fishing specifically for bull trout.

Month
No. parties Hours No. W No. W Harvest rate Catch rate
interviewed fished kept landed (W keptAx. (W landed/hr.)

May (83/W
June
July
August
sept-r
October
No-r
rkce*r

January
February
March
April

83
49

;“1

11.0

1;::

:*i
18:s
3.5

28.0

352.3 19 112 .05 .32
237.4 16 35 .08 .15
63.5 6 18 .09 .28
47.0 11 13 .23 .28

11 13

01 P

8 ii

; 2”
2 3

N.C@ N.C.
N.C. N.C.
N.C. N.C.
N.C. N.C.
N.C. N.C.
N.C. N.C.
N.C. N.C.
N.C. N.C.

!rmAL 180 784.7 72 205 .09 .26

iii N.C. = Not calculated due to small sample size (less than 10 interviews)



Table 12. Monthly northern pike (NH) catch and harvest rate for parties
on Swan Lake fishing specifically for northern pike.

Month
No. parties Hours No. NP No. NH Harvest rate Catch rate
interviewed fished kept landed (NP kept/hr  .I (NH landed/hr.)

May (83/W
June
July
August
September
October
November
DecenS>er

January
February
March
April

19 136.0 28 29 .21 .21
12 35.0 11 11 .31 .31
12
17

52.5 8 8
66.2 21 21

.15

.32
.15
.32

16 70.5 21 21 .30
3 21.0 12 15 N.C.

8

0
0
0

21 137.5 10 10 .07 .07

nYrAL 100 518.7 111 115 .21 .22

d N.C. - Not calculated due to smll sample size (less than 10 interviews)



Table 13. Monthly kokanee salmon (KIDK) catch and harvest rate for parties
on Swan Iake fishing specifically for kokanee salmon.

Month
No. parties Hours No. KDK No. KOK Harvest rate Catch rate
interviewed fished kept landed (KOK kept/hr . ) (KOK landed/hr . )

May (83/W
June
JOY
August
September
October
Noveber
Deceiber

35.0 44 50 N.C.d
86.5 125 129 1.45

172.5 240 266 1.39
135.1 304 305 2.25
83.5 173 173 2.07
22.5 16 16 N.C.

N.C.
1.49
1.54
2.26
2.07
N.C.

January 2
February
March 0'
April 0

4.0
1.0

7
0

7 N.C. N.C.
0 N.C. N.C.

xn!AL 156 540.1 909 946 1.68 1.75

d N.C. = Not calculated due to small sample size (less than 10 interviews)



Male 14. Fishing pressure sumnary  (angler-hours) for three sections of the Swan River
between Swan and Lindbrgh  (Cygnet) lakes during 1983. Ninetyfive  percent
confidence internals in parenthesis.

Cold Cr. to

Time period nOta1 Shore Boat lbtal Shore only

May21-
June 30 469 281 750 375 62 437 886 1730 343 2073

July 2203 487 2690 1896 77 1973 1665 5764 564 6328

w-t 1951 1448 3399 1034 59 1093 975 3960 1507 5467

September 525 567 1092 441 84 525 630 1596 651 2247

Oct. & Nov. 20 163 183 189 0 189 21 230 163 393

mAL 5167 2946 8114 3935 282 4217 4177 13280 3228 16508
u404) W275) &2203) &lO70) &280) (fL114) &ll93) &2131) W305) &2742)



Table15. Ehrvestestimates  for rainbow troutinthreesectionsof
theSwanRiver~weenSwanandLindbergh(~)lakes
during 1983. Ninety-five percentcmfidence intervals
are inparenthesis.

SanLake Gaat cr. ColdCr.
to to SeCtiorrS

Timeperiod Goat cr. Cold Cr. &L. CabinA

May2l-June 30 0 0 48 48

JOY 399 129 10 538

wwt 479 334 32 845

september 202 90 0 292

Oct. &t&v. 0 42 0 42

1080 595 1765
L+473) &474) w74)

20



Table 16. Earvestestimatesfor  brook troutinthreesectiamof
theswanRiverbetwemswanandL~gh(~)lakes
during 1983. Ninety-five percent amfidmce intervals
are inparenthesis.

SanIake Goat cr. ColdCr.
to to to sections

Timeperiod Gait cr. Cold Cr. QqHz L.

thy 21- June 30 54 0 202

JOY 581 184 135

PLlsUst 394 111 512 1017

September 177 48 0 225

Oct. h Nov. 0 0 0 0

1206 849
(SW (&709)

21



Thblel7. Ehrvestesti.n&esf0rtulltr0UtinthreeSeCtians0f
theSwanRiverbetweenSwanandLind#r*(~)lak6
during 1983. Ninety-five percat amfidence  intervals
areinparenthesis.

SIanLake Goat cr. ColdCr.
to to to SeCtionS

Timperiod Goat Cr. Qld Cr. w L.

Nay 21- June 30 43 0 48 91

July 182 74 0 256

Ausust I.39 37 0 176

September 0 42 0 42

Oct. hmv. 0 0 0 0

364 153W19) El.331

22



Table 18. Harvest estimates for cutthroat trout in three sections
oftbeswanRiverbetweensw2umndLiIaergh(CygIet)
lakes during 1983. Ninety-five percent confidence
intervals are in parenthesis.

-rake Goat cr. ColdCr.
to to secti-

Timperiod Gaat cr. Qld Cr.

my 21- ame 30 0 0 83 83

JOY 11 55 31 97

WI-t 21 19 0 40

september 13 6 0 19

Oct. c Nov. 0 0 0 0

& (&ii)
114 239

us151 W53)

23



Table 19. Average harvest rates (fish kept per hour) and catch
rates (fish laMed per hour; in parenthesis) for four
species of fish in three sections of the Swan River
between~wanand~im3bergh(Qgnet)lakes&ringl983.

section
Nmberof RaiMcw Brook cutthroat
interviews trout trout trout trout

swan L to
Goat Cr. 130 .14(.28)

Goat Cr. to
Cold Cr. 59 .16(.43)

Cold Cr. to
c$g-let  L. 59 .03(.08)

Allsections
czotrbined 248 .l2(.27)

.15(.34) .042(.064)

.08(.23) .044(.078)

.21(.42) .025(.036)

.15(.33) .038(.061)

.006(.036)

.017(.046)

.049 (.069)

.019(.046)

24



Table 20. Monthlysummaryof bait types usedby fishingprtieson
the Swan River between 21 May and 30 Novenber, 1983.

Bait type -Y June July Aug. Sept. Oct. NOV. lwmL

Bait 7(64%) 17(53%)  31(41%) 21(26%) 12(26%) 88(35%)

Flies 3(27%) 5(16%) 16(21%) 29(36%) 18(40%) 2(67%) 73(29%)

Lures 7(22%) 12(16%) 14(17%) 7(16%) 1(33%) 41(17%)

-wing 1 (1%) 1 (0%)

(J4xdnation 1 (9%) 3 (9%) 16(21%) 17(21%) 8(18%) l(lOO%) 46(19%)

lmAL 11 32 76 81 45 3 1 249



Table 21. Mcmthly summary of origin of fishing parties an the Swan
River between 21 Hay and 30 Noverbr, 1983.

Party origin May Jme July Auq. Sept.  kt. WV. lvrAL

Ralit3pell 5(469) 4(138) 26(34%) 27(33&) 14(3W 1(33%)

Other
Flathead
-ty

Ldke Caunty

3(27B) 5(16%) 3 (48) 2 (4)) 13 (58)

1 (3%) 3 (4V 12(m) 3 (7U 19 (8B)

l4hula
-tY 2(M) ll(348) lS(2OB) 20(25W 1708)) l(33N l(lOO%) 67(27%)

Other
Western
meana 0 (09)

E. Hartarm 1 (9U 1 (38) lO(13U 3 (4U 15 (64)

Non-reIddent
ww

Poreign

9(284) l9(251) 19(23%) 8(18a) l(338) 56(22N

1 (3U 1 (W 2 (1Q)

11 32



Male 22. Monthly summary of target species caught by fishing parties on
the Swan River between 21 May and 30 Novenber, 1983.

Party origin May June July Aug. Sept. Oct. Nov. !lwrAL

Rainbow
trout 4(13%) l2(16%) 8(10%) 5(11%)

Cutthroat
trout 1 (3%) 5 (7%) 1 (1%)

Brook trout 2(18%) 4(13%) 5 (7%) 2 (2%)

Bull trout 3(27%) 3 (9%) 3 (4%) 2 (2%) 3 (7%)

Trout -
general 4(37%) 13(40%) 33(43%)  49(61%)  15(33%)

Any fish 3  ( 9 % )  l2(16%)  11(14%)  16(36%)

No
Informtim  2(18%) 4(13%) 6 (8%) 8(10%) 6(13%)

29(12%)

7 (3%)

13 (5%)

14 (6%)

2(67%) 116(46%)

1(33%) l(lOO%) 44(18%)

26(10%)
-

mAL 11 32 76 81 45 3 1 249
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TWle 24. QIilracteristics of parties that fished tributaries
in the Wan river drainagebetween 21IYayand
30 Nwenber,  1983.

macteristic No. of parties

Bait type:
Bait
Flies
rare8
SMwins
(3lxrbinatim

Angler origin:
Kalispell
Other FlatheadCamty
Iakecalnty
Mis8aJl.a county
OtherWesternbkmtana
EasternMontana
Nan-resident(IlCSA)
Ebreign

Target species:
cutthroat
Brook trout
Trout-general
Any fish
No information

32 (64%)
7 (14%)
2 (4%)

1 (18%)
50

20 (408)
9 (18%)
8 (16%)
5 ww
1 (2%)
1 (2%)
5 (1W

4 (2%)
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Table 25. Summary of creel interview information obtained during the summer
of 1983 from anglers on 11 different waters in Montana.

hwy
Ashley

Swan Lak& Lake
Lake Horse Flathcad Thmpson

?EF"
Flathead Bfghorn Swan swale'

Koocanusa Reservoir Lake River River River tribs. River

No. parties interviewed

Ave. no. anglers per
party

200

2.0

52 05 45 52 05 67 70 101 49 201

2.2 2.3 2.3 1.9 1.0 2.2 1.0 2.6 2.3 2.2

Total no. anglers
Intervbued

562 116 190

Total hours fished

Hours per angler per
completed trtp

973 346 722

2.4 3.9 4.1

No. of completed trips 63 17

No. interviews (and %
of total):
W
June
July
August
September
October

- - -
- - -
5 10%

I I20 54x
19(36X)

mm-

40

- - -
- - -
1 1X)

I35 41x
49(50% I

- - -

104

377

3.7

43

- - -
- - -

17(3&j

2: 2:I I
mm-

99 156 145 125 261 114 441

215 221 334 324

5.0 2.3 2.5 3.6

207 1124

2.0 2.0

1 10

- - - m-m
- - - w-m
a-- 9(116)

23 44-i
I I

52 61:
29 56’1 I I24 205

- - - ---

33

- - -
- - -

:: :!:II
___
- - -

33 39 124

3(6%) - - -

:: :;yI c/

1405

5.7

#)

___
-mm
9(9’i)

49 40xI I43 43:
- - -

77 (30,;)

s/ Only includes interview data collected durlng thr months of July through Septamber, for cmparatlve  purposes.



Table 26. Characteristics of anglers fishing at eleven different waters
in Montana as determined from interviews conducted during the
summer of 1983.

Hungry
Ashley

Swan LakhZ/  Lake
Lake Horse Flathaad  Thompson Kmtenal Flathcad Bighorn Swan Swat@

Koocanusa Reservoir  Uka River Rfver River River trlbs. River

No. parties Interv(ewed  260

No. (and L) of parties 276(gg:)
ftshtng  frm boats

No. (and L) of parties 4(1X)
fishing  from shore

No. (and Z) of parties
using:

eatt 26(9X)
Flies m.-
Lures
Any camblnatfon 'tli :29"I I:

y&(and  X) of parties

biispell
Other  Flathead County
Lah County
Hlssoula  County
Other Uestern  Montana
Eastern Ckntana
:y;on;;fdent  (USA)

52 05 45 52 05 67 70 101 49 201

51(90:) 01(95%) 39(07.S) 51(90.) O(OS) 0(12X) 19(27Z) 04(03?) -- 5(3  1

l(3) 4(5X)

0 102)

7 :  ::1,I
es-

14(17S)
___
- - -
- - -

6( 13%) 1(2X) SS(lOO:) 59(005) 51(733) 17(17X) 49(1ooC’ l%(W 8)

5(10X)
- - -

14 27%I I33 63%

2(4X)
- - -

10 19:I I39 75:

35 52%
14 21:

I i10 27%
e-m

20 29%)
17 24%

I
10 14% I
23 33%)

12 12:
21 213I I
44 43x
24 24X

‘: :::II2 4%)
0 16%)

63 31:)
63 31:I33 11’8 I
41 20;)

x1tI I
1 2%)
- - -

1(2X)
- - -

7 13X)I2 4%)

6;0;3

I I10 9’8
52(26.;)

- - -
13 6,)
46;‘;’I

g Only Includes lnterviaw  data collectad during  th months of July through Septelnber.  for canparative  purposes.



Table 27. Target species summary for parties of anglers fishing 11 different
waters in Montana during the summer of 1983.

Hungry
Ashley Lake Horse Flathead Thompson Kootenr 1 Flathead Bighorn Swan Swr~f

Swan Lake!!' Lake Koocanusa  Reservoir Lake River River River River tribs. River

101 49 20152 65 45 52 65 61No. parties interviewed

No. (and I) of parties
fishing for:
Rainbow trout
Cutthroat trout
Brook trout
Brown trout
Bull trout
Lake trout
Kokanee salmon
Trout - wneral
Trout 6 Kokanea
Trout 6 Whitefish
Vella  perch
Northern pike
Trout 6 Pike
Any fish
No information

21(31':) 3(3X) ---
m-m 2 42’
-mm 20 41X)I
4(4X) ---
--- ---

2:%;’
I I7 3%

2(1’2)
-I-

-s-

-e-

6W
---

1:; ::x’

I Is 2%
e-w
---

:: Ef’

I7: ::;’

--- 10(12X)
--- ---

mm-

lb(22:)
---
--I
2(3X)
-me

-em

36(52x)
---
20X)
--I

---

---

14(20X)
---

___ ---

41(790
2 II 4x2 4% 2: ::f

14 I 161 I

--I
3(6L) ::I
--- ---
m-s -mm
4(7X)--- 3: I ;;;,

---
94(93%)  ---15(31X)
me- ---

Sl(6Of) 37(W)

---
45 22%I I19 10%

-m- m-m

___ 7 14%
---

I I5 102

---
3(7X) 1::

I/ Only includes interview data collected during th months  of July through September, for canparrtive  purposes.



Table 28. Summary of harvest rates (fish kept per hour) and catch rates
(fish landed per hour; in parentheses) for 11 different waters
in Montana during the summer of 1983.

Hungry
Ashley Lake Horse Flathead  Thompson Kootenal Flathead aighorn Swan SW&

Swan Lak& Lake Koocanusa Reservoir Lake River River River R(ver tribs. River

Total hours fished 973 346 722 377 215 221 334 324 1485 207 1124

Harvest (and catch)
rates for:

Cutthroat trout
Rainbow trout
Bull trout
Brook  trout ___--. -w- -mm -.- __- ___
Brown  trout --- --- ---
Kokanee salmon
Whiteflrh

A~L.0;)  1.28(1.33) .Ol(.Ol)  ::I -‘: 1::
___ ___ .06(.22) --- --I

.28( 28)
--- --- ------ 1:: 1::

Northern pike .06(:06) 1:: ::: 1::
.Ol(.Ol) .02(.02) .Ol(.O7) O(.Ol)

___ --- --- --- --- --- ---
Lake trout

--- ---
mm. me-

--- ---Rough fish (peamouth, .02(.03) .01(.04) .Ol(.Ol) O(.OS) .Ol(.Ol) o--- .01(O) .01(.02)
squawfish.  suckers)

k/ Only includes interview data collected during the months of July through September, for comparative purposes.



Table29 . Length information for fish harvested from ten areas In Montana during 1983 and 1984.

Ralnbow Cutthroat Brook Bull Kokanee Other&
trout trout trout trout salmon species

Flathead  Lake
A lend bd
R:ige (mm)
No. measured

%?%$th (mm) --- m-w

Range (rmn) --- ---

No. measured m-s -mm

Lake Koocanusa
Ave. length (mn)
Range (mm) . .
No. measured

Flathead  River
Ave. length (mn)
Range (mm)
No. measured

Swan River
Ave. length (mm)
Range (mn)
No. measured

Range (mn)
No. measured

Kootenal River
Ave. length (mn)
Range (rrm)
No. measured

---

s--

w-s

---

---

m-s

---

m-w

---

m-s

m-m

---

334

(1go;:20)

303

(220i:oo)

---

---

S-B

281

(246i;64)

(17ii86)
453

(2g1-:10)

264 226 218 444

(163ii403 (1g2-:85) (160;:87) (220-;g7’

251

(164;:56)

303

(1g3i;go)

249

(1gg-318)

m-s
- - -
s--

176 323

(134;:27) (280-:65)

m-s

-we

---

336

(257i:88)
238

(157ii70)
339

(265-:40)

w-w
w-s
m-m

-es
s--
w-w

-es
- - -
s-s

- - -
- - -
- - -

(LT)

508

(435-z65)

(2

(225-?)

--s

---

w-m

---

---

---

-es

---

S-B

---

W-B

---

---

w-e

---



Table 29. (Continued).

Rainbow Cutthroat Brook Bull Kokanee Othe+'
trout trout trout trout salmon species

Swan Lake
Ave. length (mm) 292 300 458 240 22
Range (mn)
No. measured (243-6328)

(25;;52)
(222-;78) (2g8i;08) (1g2;:og' (3g2iY  )

Swan trfbutarles
A length (mn)
R&e (mn)

133 189 207 172
(135-i14)  :I

w-s

No. measured
(1325)

(150-Y9) (115i:05)
w-m

B-s w-w

3!3&%  (mm) 353
Range (mn)
No. measured

(1;;;;“‘)  1:: ::: 1::
B-m s-w -se

(LL)--- 396
---
w-s

W;““’

A/ LT - Lake trout, YP = Yellow perch, NP = Northern pike, LL = Brown trout.



The following sections describe the growth rates of cutthroat
and juvenile bull trout in several tributary streams. A summary of
these date may be found in Leathe and Enk (1985). That document
also contains growth rate information for rainbow and brook trout
from the Swan River and for adult and juvenile hull trout from all
parts of thedrainage.

Tra&

Age and growth information for cutthroat trout from four
tributary streams is presented in Tables 30 through 33. Length at
annulus was backcalculated using a body length to scale radius
relationship derived from a pooled sample of all tributary
cutthroat. The equation for that line (n=339, r=O.89) was:

log ml = 0.81 log(sR) + 1.00

where: l!L = totalbodylength inmillimeters,and
SR= scale radius in millimeters, measured

at7lXmagnification.

Age and growth data for juvenile bull trout collected from
five tributaries are in Tables 34 through 38. Length at annulus
was back calculated us- a body-scale relationship derived from a
pooledsampleofa&.lt(fromSwanIakeandtributaryspaw~~r  traps)
and juvenile fish. The equation describing the body-scale
relationship  (1~581, r=O.98) was:

log cm = 1.11 log(sR) + 0.60

where : TL=totalbodylengthinmillimeters,and
SR= scale radius inmillimeters,measured

at7lXmagnification.
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Table 30. Backcalculated total lengths and length increments for
cutthroat trout collected from Cedar Creek during
September  1982.

Age (n) I II III Iv V

1 (11)
2 (23)
3 (31)
4 (15)
5 (3)

Grand mean
calculatedlength

(n)

Iefqthincrement

8
0
0

50 93 125 0 0
49 84 113 140
50 92 126 154 17:

121 142 176
(49) (18) (3)

50 41 30 21 34

Table 31. Backcalculated total lengths and length increments for
cutthroat trout collected from Groom Creek during
WgustandSeptember1982.

Age (n) a

1 (17) 46 7: 0 0
2 (47) 43 0 0
3 (20) 50 85 120 0
4 (5) 49 85 127 160

Grandmean
cdlculated1ength 121 160

(n) (4eh (E, (25) (5)

Ungthincrement 45 35 41 39
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Table 32. Backcalculated total lengths and length increments for
cutthroat trout collected from Soup Creek during
August1982.

Age (n) +=%-k-k

1 0 0

2 0
: Et

x
147

Grandmean
calculatedlength

(n)
118 147
(73) (17)

Lengthincrement 47 34 37 29

Table33. Backcalailated total lengths and length increments for
cutthroattrcutcollectedfrom  theScuthEbrkof
Lo& Creek during Jugmt and September 1982.

1 (8) 43 0 0 0
2 (9) 43 76 0 0
: (19) (5) 45 47 80 91 139 148 191 0

Grand mean
calaIlated1ength

(n)
140 191
(24) (5)

Lmgthincrgaent 44 36 60 51
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Table 34. Backcalculated total lengths and length increments for
juvenile bull troutcollectedfromColdCreek&ring
Septenbr 1982.

Age  (n) -f-%--E

;
(9)

ml id 9: 0”
3 WI 47 88 126

Grandmean
fxlaIlated1ength

(n)
126
W)

Lengthincrement 48 44 34

lhble35. Backcalculatedtotal lengthsandlength  increments for
juvenilehll trcutcollectedfromElkCreek&ring
October 1982.

e (n) --F-Y?-

0 (16) 0 0

1 (79) 572 (16) 49 10X

Grand mean
calculatedlength

(n)
109

(2, (16)

Lengthincrement 56 53
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mble 36. Backcalculated total lengths and length increments for
juvenilebull troutcollectedfromLianCreek  during
Septer 1982.

Age (n) Y-(9?--III

0 0 0
1 0 0
2 120 0
3 (4) 76 122 175

Grandmean
calculated length

(n)
120 175

(Z) (28) (4)

Lengthincrement 76 44 55

Table 37. Backcalculated total lengths and length increments for
juvenile bull trout collected from the North Fork of
Lost Creek during August 1982.

Age (n) 1

0 (4) 0 0

t
Gw 72

67 110"
i
0

3 69 108 150

Grandmean
calculated length

(n)
109 150

(6) (3)

Length increment 76 38 41
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Thble38.  Backcdlculatedtotallengtbsandlength  increments for
juvenile bull trartcollected  from Squeezer Creek
&ring AugustandSeptember1982.

Age (n) -?--F-E

1 (19) 58 02 (30) 50 98 0"
3 (2) 75 125 179

Grandmean

Ungthincresnent 54 45 80
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This section contains example length frequency diagrams for
various species in different parts of the Swan drainage. Length
distributions of fish captured in tributary p3pulatim manitorirq
sections during the summer and fall of 1984 are presented in
F’iqures  2 through 11. Data for fish captured in Swan River
electrofishing during the fall of1982 are in Figures 12 through
16. Swan Lake gill netting data are in Figures 17 and 18, while
informationancreeledfishfromvari~partsoftheSwandtainage
and franvaricus  otherwatersare inFigures through25.
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Cutthroat  trout
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T o t a l  length(mm)

Piper Cr. km 4.3
Cutthroat trout

n=51

Total length (mm)

Figure 2. Length frequency diagrams forcutthroattroutcapturd
byelectrofishing in Piper Creek during July and
August, 1984.
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Figure 3. Length frequencydiagrams forcutthroattrout
captured by electrofishing in Piper Creek and
cedar Creek during Zkqust and September, 1984.
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Figure 5. Length frequency diagrams for juvenilebulltroutmptured
by electrofishing in Squeezer Creek during Septenber and
October, 1984.
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Figure 6. Length frequency diagrams for juvenile bull
trout captured by electrofishing in Squeezer
Creek and Cold Creek during August, September,
and October, 1984.
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Figure 12. Length frequency diagram for rainbow trout captured by electrofishing during fall 1982
on a section of the middle Swan River between the Salmon Prarie and Piper Creek bridges.
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Figure 18. length frequency diagrarrs forrainbmtmutandnmmtain
whitefish capturedin floatincJandsinkinggillnets  in
%an I&e durinq &xil, 1983.
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Figure 20. krq-thfrequency diagram forkokaneesalnrmharvestd
by anglers frun San Lake during the suIIE13r of 1983.
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Figure 21 . Length frequency diagrams for rainbow trout and brook
trout harvested by anglers from the Swan River (upstream
from Swan Lake) during the s-r of 1983.
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Figure 22 . Length frequency diagrams for kokanee salmon harvested
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Figure 24 . Length frequency diagrams for rainbow and brook trout
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during the summer of 1983.

65



20

15
I
cn
ii

“0
alo
W
m
I
3
z

5

10

I
!c
LL
IL
0 1

CUTTHROAT  TROUT  -

FLATHEAD  RIVER

N= 85

-

. . 1 1”“11”‘1”“1
250 300 350 400 450

LENGTH  (mm]

RAINBOW  TROUT  -
KOOTENAI  RIVER

N=42

l-l

200 250 3bO 350 400 460
LENGTH  [mm]
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Composite wetted perimeter -discharge curves for 16 streams
surveyed during 1982 through 1984 are presented in Figures 26
through 38. These were generated using the WETP technique and
methods  describedbyLeatheandR&(l985).  Recommendedminimum
flowsare indicatedonmostof  theWEZl?curves.  Hanyof thesewere
agreed upon at an interagency meeting between MDFWP, USFS, and
USEWS in early1983. However, some of the data presented herein
werenotavailableatthetime.  Inth~cases,  recommended flows
nustbeconsideredpreliminary.
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Figure 31. Average wetted perimeter versus discharge with recanmndedminhum flow
(15.0 cfs) for four cross sections on Lion Creek in the Swan River drainage
during 1983.
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Tabular summaries of average daily discharges for six Swan
River tributaries for the period October 1983 through September
1984 are presented in Tables 39 through 44. Because of problems
with maintaining and operating the water level recorder, only
monthly flow measurements are available for the South Fork of Lost
Creek  (Table 43). Graphs of average weekly discharge compared to
minimum instream flow recommendations are displayed in Figures 39
through  43. Flow duration curves with recommended minimum flows
are in Figures 44 through  40.
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Table 39. Average daily discharge (cubic feet per second) in Cold
Creek during the period October 1983 through September
1984.

Iocatian: !?W~NE%S28T21NR17W,  (Stream kilometer 8.0)
Drainage Area: 35.2 sq. km (at gaging station)
Period of Record: Octcber  1983 through Septe&er  1984
age: Water stage recorder
Rem&s: Records generally were good with exception of

winter months (November through Harch) where
daily flows determined by interpolation from
graphs of monthly flow meisuremeiks.

Average Discharge: 46.6 cfs
~sttrems  for year: Maximum: 189.9 cfs

June 21,22,25-29, 1984
28,1983Minimum: 13.0 cfs November

COLD CREEK

Average Daily Discharge (cfs)
.-

0.2 Nov Dee Jan Feb Mar &r IQay Jun Jul hq Se?

1
2
3

:
6
7
8

1:

ii

ii
15
16
17
18

f X

2i
23
24
25

z;
20
29
30
31

nax
nin

18.5 22.7 15.9 19.9 17.2 21.5 32.9
20.8 38.1 19.0 21.5 18.6 23.7 62.0
17.4 l3.0 13.4 18.2 15.9 19.0 15.6

Ac-ft 1135.4 1352.2 977.4 1225.8 991.4 1320.4 1957.2

19.4
18.7
18.7
20.1
18.7
18.7
18.0
18.0
20.8
20.8
18.0
18.0
18.0
17.4
17.4
17.4
18.7
18.7
17.4
17.4
17.4
20.1
20.8
18.7
18.0
18.0
18.0
18.0
18.0
18.0
17.4

17.4
18.0
18.0
21.6
21.6
27.7
24.9
24.0
24.9
26.7
38.1
34.2
33.0
31.9
30.8
31.9
31.9
30.8
29.7
28.7
14.4
14.2
14.0
13.8
13.6
13.4
13.2
13.0
13.2
13.3

13.4
13.6
13.7
13.8
14.0
14.1
14.3
14.4
14.5
14.7
14.8
14.9
15.1
15.2
15.4
15.6
15.8
16.0
16.3
16.5
16.8
17.0
17.2

19.1
19.4
19.6

El
20:3
20.5
20.7
21.0
21.2
21.5
21.3
21.3
21.0
20.8
20.7
20.5
20.3
20.2
20.0
19.8
19.7
19.5
19.3
19.2
19.0
18.8
18.7
18.5
18.3
18.2

18.2
18.0
17.8
17.7
17.5
17.4
17.2
17.0
16.8
16.7
16.5
16.4
16.2
15.9
16.1
16.3
16.5
16.6
16.8
17.0
17.2
17.4

17.4
17.7
17.9
18.1
18.4
18.6
18.8
19.0

17.6
17.7
17.9
18.1
18.3
18.5
18.6

19.0
19.2
19.4
19.6
19.7
20.0
20.1
20.3
20.4
20.6
20.8
20.9
21.0
21.2
21.4
21.5
21.7
21.8
22.0

ii:5
22.4
22.6
22.7

15.6
15.6
17.4
18.0
18.7
19.4
18.7
21.6
20.1
20.1
20.8
20.1
19.4
20.8
26.7
39.4
54.0
59.9
62.0
59.9
57.9
57.9
57.9
48.6
40.8
35.5
33.0
30.8
28.7
27.7

22.9
23.0
23.2
23.3

ii-d
23:7

27.7
30.8
28.7
27.7
26.7
25.8
26.7
27.7
45.3
45.3
48.6
48.6
68.8
68.8

::i
68.8
68.8
81.7

E
81.7
81.7
81.7
81.7
81.7
81.7
81.7
81.7
90.5
90.5

SO.5
SO.5
90.5
90.5
90.5

131.4
96.9
96.9
81.7
68.8
68.8
68.8
76.3
81.7
114.8
135.9
135.9
135.9
135.9
155.5
189.9
189.9
160.7
135.9
189.9
189.9
189.9
189.9
189.9
160.7

62.2

E-1
3820:s

127.5
189.9
68.8

7583.8

135.9 107.3 43.8
135.9 103.7 42.3
135.9 103.7 40.8
135.9 103.7 38.1
135.9 103.7 38.1
135.9 103.7 35.5
114.8 103.7 34.2
114.8  103.7 33.0
96.9 103.7 31.9

127.1  100.2 30.8
127.1 96.9 29.7
114.8 93.6 27.7
114.8 90.5 26.7
l14.8 84.5 25.8
loo.2 81.5 24.9
96.9  78.9 24.0
96.9 76.3 23.2
96.9 73.7 22.3
96.9 71.2 22.3
96.9 68.8 29.7
96.9 66.4 27.7
96.9 64.2 26.7
96.9 62.0 25.8
96.9 59.9 24.9
96.9 57.9 24.9
96.9 55.9 24.9
107.3 54.0 24.0
107.3 52.1 24.0
107.3 48.6 24.0
107.3 47.0 24.0
107.3 45.3

111.1 79.6 29.2
135.9 107.3 43.8
96.9 45.3 22.3

6827.8 48S0.8 1736.5

-
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mle40.  Average daily discharge (cubic feet per second) in Lion
Creek during theperiodOctober 1983 through September
1984.

Uxation:  tW%@.S13T2ZNRl7W,  (Stream kilaneter  10.5)
Drainage Area: 55.0 sq. km (atgaging statia~)
Period of &cord:
Gage:

October 1983 through Septeubr 1984
Waterstagerecorder

RenrarkS: Recordsgenerdllygoodwithexceptionof winter
months (Nov. 20, 1983 - April 1, 1984) when
daily flows determinedbyinterpolation from
graphs of monthly flow measurements. Daily
flows &ring the periods Oct. U-17, 1983, May
26-June 5, 1984, June 20-23, 1984 were
estimatedtyinterpolati~andcomparisanswith
adjacent drainages.

Average Discharge: 58.9 cfs
Extremes for year: Ehximmr:  448.6 cfs June 27, 1984

Hinimum: 8.0 cfs Harch 9, 1984

LION CREEK
A-age Daily Dbdarge W4

1
2

:
5
6
7

i
10
ll
l.2
l.3
14
15
16

ii
19
20
21

E

z
26
27

z
30
31

lR 15 IE 23: MY
uar
9.1 l?i 3% 226 2z!2 63 a

16.6 17.0 18.0 25.8 U.6
16.5 17.0 18.3 26.1 Et.0
16.3 20.2 18.6 X.3 14.5
16.3 26.0 18.8 26.6 14.0
16.0 30.0 19.1 26.8 l3.4
16.0 32.9 19.3 27.1 12.9
15.8 33.6 19.6 27.4 12.3
15.8 32.3 19.8 27.6 12.2
15.8 31.3 20.1 27.9 12.0
15.8 33.3 20.4 27.3 Il.9
16.0 33.6 20.6 26.7 Il.8
16.1 33.3 20.9 26.1 11.6
16.3 31.9 21.2 25.6 ll.5
16.5 30.7 21.4 25.1 U.4
17.0 29.7 21.7 24.5 ll.2
17.0 29.1 11.9 24.0 ll.3
16.6 28.0 22.2 23.4 10.9
17.0 26.8 22.5 22.8 10.8
17.3 27.4 22.7 22.3 10.7
17.5 26.0 23.0 21.7 10.5
17.5 25.8 23.2 21.1 10.4
17.5 24.8 23.3 20.6 10.2
17.3 23.3 23.8 20.0 10.1
17.0 22.2 24.0 19.5 10.0

17.0 21.0 24.2 18.917.0 19.4 24.5 18.4 X-t
17.0 17.1 24.8 17.8 916
17.0 17.3 25.0 17.2 9.4
17.0 17.6 25.3 16.7
16.8 29.4 16.2

16.7 25.9 21.7 23.3 U.8
17.5 33.6 2!L4 27.9 16.1_- - _- ~~

9.0 UIi 36.8 261.2 243.2 75.2 27.1
8.8 l3.0 36.8 226.4 255.9 75.2 25.8
8.7 U.0 35.0 177.3 231.1 64.6 24.5
8.6 l3.0 33.3 166.7 243.2 58.3 24.5
8.4 13.1 33.3 166.7 255.9 55.4 25.0
E-3 U-1 31.6 153.7 219.6 52.6 25.3
8.2 13.6
8.0 13.7
8.1 14.0
8.2 14.3
8.2 14.6
8.3 14.9
8.4 lS.0
8.4 15.2
8.5 15.6
8.6 21.0
8.7 64.6
8.8 83.3
8.8 90.4
8.9 83.3
9.0 77.6
9.1 71.5
9.2 67.9

z-3 fk:
914 5oo:o
9.5 45.2

ii:: ii:;
9.7

30.0 l38.8
29.4 US.3
33.3 119.1
35.0 us.3
36.8 146.0
38.8 179.1
55.4 243.2
92.3 313.9

ll9.1 313.9
107.5 330.3
102.2 330.3
107.5 298.3
170.2 298.3
188.4 384.9
138.8 384.9
B.3 2W.3
llB.l 269.3
113.1 347.6
73.7 405.1
74.5 448.6
76.0 304.9

lit: iii:;
158.4

179.1
153.7
146.0
146.0
161.7
161.7
131.9
us.3
125.3
12s.3
us.3
119.1
107.5
107.5
104.3
95.1

45.2 31.3
42.9  40.8
42.9  46.1
40.8  5Q.5
40.8 53.7
40.8  56.0
38.8 58.3
35.0 60.7
33.3 62.6
33.3 63.9
31.6 65.3
31.6 65.3
38.0  52.1
30.0  39.2

75.2
83.3
92.3

28.5  34.3
27.1 31.3

97.1
83.3
83.3
79.2
67.9

27.1 29.4
25.8 29.3
25.8 27.7
25.3 26.8
25.3 26.3
24.5 25.5
24.5 25.5
24.5

8.8 35.9 81.5 266.1 137.1  39.4 39.4
9.7 90.4 188.4 448.6 255.9 75.2  65.3
8.0 l3.0 29.4 119.1

al.0
67.9 24.5  24.5

2136.9 sm9.4 15831.5 8426.7  2422.0 2346.3
15.8 16.8 17.8 16.2 9.4

-ft 1023.5 1537.8 l331.5 1433.6 675.7
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Irocatim: SMUEW25’R2NRlsW,  Mrean kilaneter  6.4)
Drdge Area: 20.4 sq. km (at gag- station)
Period of Record: Octcber  1983 through Septe&er  1984
GlCJt?: Water stage recorder
F&marks: &con% good with exception of Nmmber 20,

1983 to April 1, 1984 whn daily flows were
estimated  by bkerpolatim fran graphs of
monthly flaw measureents.

Average Discharge: 23.5 cfs
Extranesforyear:  l&&nm~ 235.0 cfs June 21, 1984

I¶iIlilMlUl: 6.0 cfs April 1-14, 1984

PIPER CREEK

1 7.0 7.0 9.8 10.0 8.4 6.2 6.0 l3.0 108.0

f ;:"o 7.0 8.0
9.6 10.2 8.2 73.0
9.5 10.4 8.0 i-i

4
E i3::

9.3 10.6 7.8 6:2
f-X
6:0

ii:: 73.0

2;
73.0

5 9.2 10.7 7.6
6

T-X kX
9.0 lo.9 7.4

8:: 60 6:0

E-8
f?x

7
7:o l2:5 8.8 ll.1

7410

i
8.7 U.2 5-3

6:9
t:: Z-8 l2:o

8.0 11.0 8.5 Il.4 6'0
60.0

10 8.5 14.0 8.4 ll.6 6.9 f:8 6:0 2:
48.0
U.0

11 8.0 16.0 8.2 11.7 6.9
12 8.0 l3.5 8.1 ll.9 6.8

f :f f:i 10 Lo 5 44.0
60.0

13 7.9 11.7 6.8 73.0
14 ;:: 29 7.7 Il.5 6.8 Z:! i:t ii:: X22.0
I.5 7.0 11.5 7.6 ll.3 6.7 153.0
16 7.0 lo.0 7.4 ll.2 6.7 ii*: x*i 2X 186.0
17 7.0 10.0 7.5 11.0 6.7 6:l ll:S 144.0
18 7.0 9.5 7.7 10.8 6.6 6.1 18.0 2: US.0

i:
7.0 9.5 7.9 10.6 6.6 6.1 22.5 6410 108.0
;:: 9.4 8.1 10.4 6.6 6.1 33.0 92.0 153.0

2l

E 9'7

8.3 10.2 6.5 6.1 28.5 73.0 235.0

ii 8::
8.4 10.0 6.5 6.2 26.5 48.0 183.0

9:s
8.6 9.9 6.5 6.2 26.0 74.0

z t :X i-0 9.7 6.5 6.4
6.3 21.5 64.0 E*X

1::: 9:1 2:
6.2 16.5 48.0 173:o

E
7.5

6.2 15.0
173.0

z
5:: E

t :Z 9:1 5:: 6.2 l3.5 2:

x-x ::i
6.2 13.5 4810

186.0
163.0

7.0 10.1 9.7 6.2 13.5 82.0 lu.o
38 ;:t 9.9 9.9 8:5 6.3 l3.0 198.0 102.0
31 9.9 8.5 6.3 210.0

7.3 10.7 8.7 10.4 6.9 6.1 12.4
6.3 28.5  2::

115.6
nax 9.0 16.0 9.9 11.9 8.4 23S.0
niJl 7.0 7.0
heft 451.2 673.4 2: 63::; 3;:; 68El

lhble 41. Average daily discbarge (abic feet per secmd) in Piper
Creek ailriq  the period Octcber 1983 thraqh September
1984.

82.0 16.597.0 16.0 t-8
92.0 15.0 8:0

77.0 14.5n.0 13.5 i-x
77.0 Xl.0 8:s
64.0 13.0 8.0
52.0 12.0 9.5
48.0 12.0 10.0
44.0 11.0 8.5

40.5 11.037.0 11.0 X-8
37.0 11.0 8:0
34.0 10.5 7.5
30.5 10.0 7.0
27.0 10.0 7.0

2x

z-3
2610
22.0
2: 8.5 9.5

19:s 8-Z x:;

19.0 815
:-i
18:s

80 8'0
78105

8:0 E
19.0 8.0 710
18.0 11.0 7.5

40.2 10.797.0 16.5 Ii:'0
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!Mile 42. Average daily discharge (cubic feet per second) in Soup
Creek during the periodOctober 1983 through September
1984.

L4xaticn: SW~NW~S26T24NR17W, (Stream kilamter 11.0)
Drainage Area: 13.5 sq. km (at gaging station)
Period of Record: October 1983 through Septerrber 1984
Chge : Water stage recorder
Remarks: Records good with exception of Nov. 20 through

April 1 when daily flows determined by inter-
polation from graphs of mthly flow measure-
IEdZS.

Average Discharge: lo.4 cfs
Extremes for year: Maximrm: 62.2cfs June 1, 1984

Minimum: 2.4 cfs March 8-10, 1984

SOUP CREEK
Average Daily Oisdwqe  (cfs)

:
3
4
5
6
7
8
9

s!

ii

::
16

:78
19
20
21

ii

ii
26
27

ii
30
31

nmn

2:
3-i
3:6
3.6

Z:Z
3.8
4.3
3.8
3.8
3.8

?i
3:6
3.8

Z-I
3:s
3.8

i::

i-t
4:3
4.3
4.3
4.3
4.3
4.3

3.9
4.3

NDV Dee

4.3
4.3
4.3
5.8
5.8
7.3
6.9
7.3
6.9
7.3
8.1

78:;

?77
7:7
7.3

f-S
6:5
4.7
4.7
4.7
4.6
4.6
4.6
4.6
4.6
4.6
4.6

4.6
4.5
4.5

1-z
4:s
4.4
4.4
4.4
4.4
4.4
4.3
4.3
4.3
4.3
4.3
4.2
4.2
4.2
4.2

::I
4.1
4.1
4.1

2:
4.0
4.6

::i

4.0
4.0
3.9

::'9

3:;

3::

?"e

::"e

E

3:;

z.99
3:9
3.9

?Z
3:9
4.0
4.0
4.0

f-i
4:o
4.0

6.1 4.3 3.9
8.1 4.6 4.0

35::: 26::: 23;:;

Peb

4.0
4.0
4.0
4.0
4.1
4.1
4.1
4.1
4.0

:-8
3:9
3.9
3.8
3.8
3.7
3.6
3.6

i:;

i::

?9
3.2
3.1

E
2:s

3.7

:t
210:s

naL Aec
2.8 3.3

2.6 3.6
36

i-g 3'8
2:s 3:8
2.4 4.3
2.4 4.3

2.6 4.6

2.8 12.8

2.9 21.4
3.0 19.9
3.0 38.3
3.1 17.1
3.1 15.8
3.2 15.2
3.2 14.0
3.3 13.4
3.3 12.2

:::
11.2

2.8 10.8
3.3 38.3
2.4

173.4 64:::

11.2
10.7
10.7
10.3
9.8
9.3
9.3
9.3

10.3
15.8
15.3
17.1
19.1
24.6
33.0

Ei
33:o
37.2
45.5
45.5
40.6
40.6
39.5
53.5
36.1
38.3

Z-P
53:s
57.8

28.3
57.8

17379::

JUI Jill

62.2
35.1
28.1
32.0
31.0
40.6
38.3
36.1
34.0
31.0
32.0
35.1
38.3
43.0
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8.5
8.5

39.6 13.1
62.2 21.4
21.4 8.5

2357.6 804.7
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8.1
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IWle43. Discharge measurements (cubic feet per secmd) and gage
height (feet) at the water level recorder site on
theSouth  Fork of Ltxt Creek (NZl/4SWl/llS3T24NR17~).

Date Flow (cfs) Gageht. (feet)

11-24-82
1-13-83
2-15-83
3-10-83
5-11-83
6-8-83
7-5-83
8-31-83
9-27-83
10-27-83
11-29-83
l-lo-84
2-9-84
3-8-84
4-11-84
4-25-84
S-lo-84
5-23-84
6-7-84
6-25-84
7-11-84
7-24-84
9-24-84
10-4-84

5.6
6.2

1E
48:7
143.5
80.2

2:
8:l
12.2
19.2

t-z
15:1

z?i
148:7
138.5
157.7
35.7
15.7
7.8
7.7

730
7.27
7.22
7.37
7.76
8.57
8.07
7.32
7.28
7.36
7.43
7.62
Rrcken*
6.99
7.12
7.50
7.40
8.20
8.35
8.35
7.61
7.44
7.42
7.24

* New staff gage installed on10 February1984 due to tree falling
on theoldgage.
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TFble 44. Average daily discharge (cubic feet per second) in
FsErCre&k  during the period October 1983 through

.

ILocation: SDaSW27T23NR17W, Wream kilaneter 6.4)
Drainage Area: 21.5 sq. km (at gaging station)
Period of Record: October 1983 through Septe&er  1984
GiXp:
Remarks:

Water stage recorder
Records good with exception of winter months
(November through March) which were estimated
by interpolation from graphs of monthly
meaSUJXDl~tS. Daily flows &ring the periods
October 1-19, 1983, May 18-22, 1984, and August
20-21, 1984 were estimated by interpolation  and
comparim with adjacent drainages.

Average Discharge: 20.4 cts
Extrems for year: Maximna: 192.3 cfs May 31, 1984

MiniI8UlU: 3.3 cfs I4arch 8-9, 10-11, 1984
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Figure 40. Average weekly discharge and recammded minbmxm flaw (15 cfs) at a gaging
pointatkn10.5onLionCreek  in the SwanRiver drainage during the period
October 1983 Wugh September 1984.
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Figure 41. Averageweekly dkharge and rwammdd minimurn flow (9 cfs) at a gaging
pointatlan 6.4 an Piper Creek in the San River drainage during the period
October 1983 thmugh Sepbnber 1984.
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Figure 42. Average Wlydischarge  and ream-ended  minimum flaw (4 cfs) at a gaging
pointatlanllon  SoupCreek in the Swan River drainage during the period
October 1983 through Septenber 1984.
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Figure 43. Average weekly discharge and remmmnded minirromn flow (11 cfs) at a gaging
point at km 6.5 on Speezer Creek in the Wan River drainage during the period
October 1983 thmugh Septeher 1984.
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Figure 44. Flm duration at a gaging point at km 8 on
Cold Creek in the WanRiverdrainageduring
the period October 1983 through September 1984.
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Figure 46. Flowduration  at a gagirqpointatkm  6.4 on
PiperCreek inthe SwanRiverdrainageduring
the period Octcber 1983 thraugfi Septmbr 1984.
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Figure 48. Flaw duration at a gagingpointatkm 6.5 on
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the period October 1983 through Septmbr 1984.
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Continuous recording Taylor thermographs were installed in the
Swan River (at the Piper Creek road bridge) and in six tributary
streams during the study. Average weekly maximum and minimum water
temperatures during 1983 and 1984 are in Figures 49 through 55.
Tributary thermographs were placed at the same location as water
level recorders.
al. (1985).

Specific locations were described by Leathe et
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Figure 49. Average weekly mximnn and mininun tmperatures  at
the Piper Creek roadbridge on the -River during
1983 (upper graph) and 1984 (1-r graph).
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1983 (upper graph) and 1984 (lower graph).
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Figure 51. Averagewe3clymxinaxnandminirmntenperaturesat
Ian10.5inLioncseekintheswanRiwzrdrainageduring
1983 (upper graph) and 1984 (leer  graph).

101

I



54- -.a a
52-
SD-
4a-

46. -
44.

7”;
-*F 42- 6.7

40. I’
38.
36-
34.
32-

JAN ’ FEB ’ MAR ’ APR ’ MAY ’ JUN ’ JUL ’ AUG ’ SEP
1983

54-
52-
so-
48-
46-
44-

l F 42-
40-
38-

JAN ’ FEB ’ MAR’ APR ’ MAY ’ JUN ’ JUL ’ AUG’ SEP ’ OCT ’ NOV’ DEC I

1964

‘1Qo
8.9
7.8
6.7
5.6 %
4.4
3.3
2.2
1.1
0
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